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ABSTRACT
We present the first results from an XMM-Newton serendipitous medium-deep survey, which covers nearly three
square degrees. We detect a total of 1022, 495 and 100 sources, down to minimum fluxes of about 5.9× 10−16,
2.8× 10−15 and 6.2× 10−15 erg cm−2 s−1, in the 0.5-2, 2-10 and 4.5-10 keV band, respectively. In the soft band
this is one of the largest samples available to date and surely the largest in the 2-10 keV band at our limiting X-ray
flux. The measured Log(N)-Log(S) are found to be in good agreement with previous determinations. In the 0.5-2
keV band we detect a break at fluxes around 5× 10−15 erg cm−2 s−1. In the harder bands, we fill in the gap at
intermediate fluxes between deeper Chandra and XMM-Newton observations and shallower BeppoSAX and ASCA
surveys.
Subject headings: galaxies: active — X-rays: diffuse background — X-rays: galaxies
1. INTRODUCTION
In the last decade it has become progressively clearer that the
extragalactic X-ray background (XRB) originates from the su-
perposition of many unresolved faint sources.
In the soft band (0.5-2 keV) ROSAT has resolved about 70%-
80% of the XRB (Hasinger et al. 1998), meanwhile recent
Chandra deep observations are resolving almost all the back-
ground (Mushotzky et al. 2000; Giacconi et al. 2001). The
hard band (2-10 keV) XRB has been resolved at a 25%-30%
level with BeppoSAX and ASCA surveys (Cagnoni, Della Ceca,
& Maccacaro 1998; Ueda et al. 1999; Giommi, Perri, & Fiore
2000) and recently at more than 60% with Chandra (Mushotzky
et al. 2000; Giacconi et al. 2001; Hornschemeier et al. 2001).
Moreover, in the very hard band (5-10 keV) the fraction re-
solved by BeppoSAX is around 30% (Fiore et al. 1999; Comas-
tri et al. 2001) and very recently in the XMM-Newton Lockman
Hole deep pointing about 60% is reached (Hasinger et al. 2001).
The spectroscopic follow up of the objects making the XRB
find predominantly Active Galactic Nuclei (AGN). In the soft
band, where optical spectroscopy has reached a high degree of
completeness, the predominant fraction is made by unabsorbed
AGN (type-1 Seyferts and QSOs), with a small fraction of ab-
sorbed AGN (essentially type-2 Seyferts) (Bower et al. 1996;
Schmidt et al. 1998; Zamorani et al. 1999). The fraction of
absorbed type-2 AGN rises if we consider the spectroscopic
identifications of hard X-ray sources in BeppoSAX, ASCA and
Chandra surveys (La Franca et al. 2001; Fiore et al. 2001a;
Akiyama et al. 2000; Della Ceca et al. 2000; Barger et al. 2001;
Tozzi et al. 2001), although the optical follow up is far from
being complete.
The X-ray and optical observations are consistent with current
XRB synthesis models (Setti & Woltjer 1989; Comastri et al.
1995; Gilli, Salvati, & Hasinger 2001), which explain the hard
XRB spectrum with an appropriate mixture of absorbed and
unabsorbed AGN, by introducing the corresponding luminos-
ity function and cosmological evolution. In this framework,
Fabian & Iwasawa (1999) infer an absorption-corrected black
hole mass density consistent with that estimated from direct op-
tical and X-ray studies of nearby unobscured AGN. This result
requires that most of the X-ray luminosity from AGN (∼ 80%)
is absorbed by surrounding gas and probably re-emitted in the
infrared band.
However synthesis models are far from being unique, depend-
ing on a large number of hidden parameters. They require, in
particular, the presence of a significant population of heavily
obscured powerful quasars (type-2 QSOs). Type-2 QSOs have
been revealed first by ASCA and BeppoSAX (Ohta et al. 1996;
Vignati et al. 1999; Franceschini et al. 2000) and are starting to
be discovered at high redshift by Chandra (Fabian et al. 2000;
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Norman et al. 2001). These objects are rare (so far, only a few
type-2 QSOs are known), luminous and hard (heavily absorbed
in the soft band). A good way of finding them is to perform sur-
veys in the hard X-ray bands, covering large solid angles. The
large throughput and effective area, particularly in the harder
bands, make XMM-Newton currently the best satellite to per-
form hard X-ray surveys.
In this paper we present an XMM-Newton medium-deep survey
covering nearly three square degrees, one of its main goals is
to constrain the contribution of absorbed AGN to the XRB. We
first overview the data preparation (Section 2) and the source
detection (Section 3) procedures, describing then the survey
characteristics (Section 4) and the first purely X-ray results we
obtain from the Log(N)-Log(S) (Section 5). An extensive anal-
ysis of the X-ray broad-band properties of the sources and the
optical follow-up of a hard X-ray selected sample will be the
subjects of forthcoming papers (Baldi et al. in prep.)
2. DATA PREPARATION
The survey data are processed using the XMM-Newton Sci-
ence Analysis System (XMM-SAS) v5.0.
Before processing, all the datasets have been supplied with the
attitude of the satellite, which can be considered stable within
one arcsecond during any given observation. Thus, a good cal-
ibration of the absolute celestial positions (within 2′′ − 3′′) has
been obtained from the pointing coordinates in the Attitude His-
tory Files (AHF). Standard XMM-SAS tasks epproc and emproc
are used to linearize the pn and MOS camera event files.
The event files are cleaned up from two further effects, hot pix-
els and soft proton flares, both worsening data quality.
The hot and flickering pixel and the bad column phenomena,
partly due to the electronics of the detectors, consist basically
in the non-X-ray switching-on of some pixels during an obser-
vation and may cause spurious source detections. The majority
of them are removed by the XMM-SAS; we localize the remain-
ing using the IRAF3 task cosmicrays and remove all the events
matching their positions using the multipurpose XMM-SAS task
evselect.
Soft proton flares are due to protons with energies less than
a few hundred keV hitting the detector surface. These parti-
cles strongly enhance the background during an observation;
for example ∼ 40% of the long Lockman Hole observation was
affected by them. The background enhancement forces us to
completely reject these time intervals with the net effect of a
substantial reduction of the good integration time. We locate
flares analyzing the light curves at energies higher than 10 keV
(in order to avoid contribution from real X-ray source variabil-
ity), setting a threshold for good time intervals at 0.15 cts/s for
each MOS unit and at 0.35 cts/s for the pn unit.
3. SOURCE DETECTION
The clean linearized event files are used to generate MOS1,
MOS2 and pn images in four different bands: 0.5-2 keV, 2-10
keV, 2-4.5 keV and 4.5-10 keV. All the images are built up with
a spatial binning of 4.35 arcseconds per pixel, roughly matching
the physical binning of the pn images (4′′ pixels) and a factor
of about four larger than that of the MOS images (1.1′′ pixels).
In any case, the image binning does not worsen XMM-Newton
spatial resolution, which depends almost exclusively from the
point spread function (PSF).
A corresponding set of exposure maps is generated to account
for spatial quantum efficiency, mirror vignetting and field of
view of each instrument, running XMM-SAS task eexpmap.
This task evaluates the above quantities assuming an event en-
ergy which corresponds to the mean of the energy boundaries.
In the 2-10 keV band, which covers a wide range of ener-
gies, this may lead to inaccuracies in the estimate of these
key quantities. Thus we create the 2-10 keV band exposure
map as a weighted mean between the 2-4.5 keV and the 4.5-10
keV exposure maps, assuming an underlying power-law spec-
tral model with photon index 1.7.
The excellent relative astrometry between the three cameras
(within 1′′, well under the FWHM of the PSF) allows us to
merge together the MOS and pn images in order to increase
the signal-to-noise ratio of the sources and reach fainter X-ray
fluxes; the corresponding exposure maps are merged too.
The source detection and characterization procedure applied
to the image sets involves the creation of a background map,
for each energy band. The first step is to run an XMM-SAS
eboxdetect local detection (in each band independently) to cre-
ate a source list. Then XMM-SAS esplinemap removes from the
original merged image (within a radius of 1.5 times the FWHM
of the PSF) all the sources in the list and creates a background
map fitting the remaining (the so-called cheesed image) with a
cubic spline. Unfortunately, even using the maximum number
of spline nodes (20), the fit is not sufficiently flexible to repro-
duce the local variations of the background. Thus we correct
the background map pixel by pixel, measuring the counts in the
cheesed image (ctsch) and in the background map itself (ctsbk),
within three times the radius corresponding to an encircled en-
ergy fraction (EEF) of the PSF of α = 0.68 (hereafter r0.68). We
create a corrected background map by multiplying the original
image by a correction factor which is the ctsch to ctsbk ratio. Af-
ter some tests, the radius of 3r0.68 has been considered a good
compromise between taking too many or too few background
fluctuations.
A preliminary eboxdetect local mode detection run, performed
simultaneously in each energy band, creates the list of candidate
sources on which to carry out the characterization procedure.
Each candidate source is characterized within a radius r0.68,
evaluating the source counts S and error σS (using the formula
of Gehrels 1986) following the formulas:
S = ctsimg − ctsbkg
α
, σS =
1 +
√
ctsimg + 0.75
α
,
where ctsimg are the counts (source + background) within r0.68
in the image and ctsbkg are the background counts in the same
area in the background map. The count rate is then:
cr =
S
TMOS1 + TMOS2 + Tpn
,
where TMOS1, TMOS2 and Tpn are the exposure times of the three
instruments computed from the exposure maps.
The count rate-to-flux conversion factors are computed for each
instrument using the latest response matrices and assuming a
power-law spectral model with photon index 1.7 and galactic
NH . The total conversion factor c f has been calculated using
the exposure times for MOS1, MOS2 and pn, the conversion
factors for the three instruments, c fMOS1, c fMOS2 and c fpn, fol-
lowing the formula:
Ttot
c f =
TMOS1
c fMOS1 +
TMOS2
c fMOS2 +
Tpn
c fpn ,
3 IRAF is distributed by KPNO, NOAO, operated by the AURA, Inc., for the National Science Foundation.
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where Ttot = (TMOS1 + TMOS2 + Tpn). The source flux is straight-
forwardly:
Fx = c f · cr .
For each source we compute p, the probability that counts orig-
inate from a background fluctuation, using Poisson’s formula:
∞∑
n=ctsimg
e−ctsbkg
ctsnbkg
n!
> p ;
we choose a threshold of p = 2× 10−4 to decide whether to
accept or not a detected source.
4. THE SURVEY
Our survey covers 15 XMM-Newton calibration and perfor-
mance verification phase fields. The pointings and their char-
acteristics are listed in Table 1. All fields are at high galactic
latitude (|bII|> 27o), in order to minimize contamination from
galactic sources, have low galactic NH and at least 15 ksec of
good integration time.
The sky coverage of the sample has been computed using the
exposure maps of each instrument, the background map of the
merged image and a model for the PSF. We adopt the off-
axis angle dependent PSF model implemented in XMM-SAS
eboxdetect task.
At each image pixel (x,y) we evaluate, within a radius r0.68,
the total background counts (from the background map). From
these we calculate the minimum total counts (source + back-
ground) necessary for a source to be detected at a probability
p = 2× 10−4 (defined in Section 3). The mean exposure times
for MOS1, MOS2 and pn, evaluated from the exposure maps
within r0.68, are used to compute the count rate cr. From the
count rate-to-flux conversion factor c f (computed as in Sec-
tion 3) we build a flux limit map and straightforwardly calculate
the sky coverage of a single field.
Summing the contribution from all fields we obtain the total sky
coverage of the survey, which is plotted in Figure 1, in three dif-
ferent energy bands.
5. LOG(N)-LOG(S)
The cumulative Log(N)-Log(S) distribution for our survey
has been computed by summing up the contribution of each
source, weighted by the area in which the source could have
been detected, following the formula:
N(> S) =
∑
Si>S
1
Ωi
,
where N(> S) is the surface number density of sources with
flux larger than S, Si is the flux of the ith source and Ωi is the
associated solid angle.
It is worth noting that XMM-Newton calibrations are not yet
fully stable and systematic errors in the determination of the
Log(N)-Log(S) could arise, for instance, from inaccuracies in
the determination of the PSF. Moreover, non-poissonian back-
ground fluctuations, at the probability level we have chosen,
may cause spurious source detection, introducing further un-
certainties. To account for these effects, we have computed the
Log(N)-Log(S) also using a radius corresponding to an EEF of
the PSF of 0.80 (instead of 0.68) for the source characteriza-
tion and a more stringent probability threshold of p = 2× 10−5
(instead of p = 2× 10−4). The different curves we obtain (and
relative 1σ statistical uncertainties) are used to determine the
upper and lower limits of the Log(N)-Log(S), plotted in Fig-
ure 2. The Log(N)-Log(S) distributions contain 1022 sources,
495 sources and 100 sources, for the 0.5-2 keV, 2-10 keV and 5-
10 keV band, respectively (using p = 2× 10−4 and EEF=0.68).
It is worth noting that we compute the Log(N)-Log(S) in the
5-10 keV instead of the 4.5-10 keV band for consistency with
previous works (Fiore et al. 2001b; Hasinger et al. 2001). We
correct the 4.5-10 keV fluxes to obtain the 5-10 keV fluxes, as-
suming an underlying power-law spectral model with galactic
NH and photon index Γ = 1.7.
In the soft band (0.5-2 keV), where we have one of the largest
samples to date, the data are in agreement, within the errors,
with both ROSAT PSPC Lockman Hole data (Hasinger et al.
1998) and Chandra Deep Field South data (CDFS; Giacconi et
al. 2001). In this band we go about a factor of four deeper than
ROSAT PSPC data, although obviously not as deep as Chan-
dra in the CDFS. The Log(N)-Log(S) shows a clear flattening
starting from fluxes around 10−14 erg cm−2 s−1. A similar be-
haviour has been already observed in ROSAT data (Hasinger et
al. 1998). A possible explanation for it may reside in the lumi-
nosity dependent density evolution (LDDE) models of the soft
X-ray AGN luminosity function developed on ROSAT data by
Miyaji, Hasinger, & Schmidt (2000).
We fit the soft Log(N)-Log(S) distribution with a single power-
law model in the form N(> S) = KS−α14 (S14 is the flux in units
of 10−14 erg cm−2 s−1), using a maximum likelihood method
(Crawford, Jauncey, & Murdoch 1970; Murdoch, Crawford, &
Jauncey 1973). This method has the advantage of using directly
the unbinned data. The likelihood has a maximum at a slope
α = 0.93± 0.05 and the corresponding normalization of the
curve is K = 80.8+6.4
−5.2 (the errors have been computed not only
considering statistical uncertainties but also the scatter between
the three different Log(N)-Log(S) described earlier in the text).
However a single power-law model can be rejected applying a
K-S test which gives a probability < 10−3. We consider then
a broken power-law model for the differential Log(N)-Log(S),
defined as
dN
dS =
{
k1S−β114 S > S∗
k2S−β214 S < S∗
where β1 is the power-law index at brighter fluxes, β2 the in-
dex at fainter fluxes, S∗ is the flux of the break, k1 and k2 are
the normalization factors (k2 = k1Sβ2−β1∗ to have continuity in
the differential counts). Applying the maximum likelihood fit
to the data, we obtain a best-fit value of β1 = 2.21+0.06
−0.09 (with
a corresponding normalization k1 = 118.8+13.9
−11.1), while the con-
fidence contours for β2 and S∗, for each of the three Log(N)-
Log(S) curves described earlier in this Section, are plotted in
Figure 3. The break flux S∗, at 1σ confidence level for two
interesting parameters, ranges in a narrow interval of values,
between 5× 10−15 and 6.5× 10−15 erg cm−2 s−1. The differen-
tial slope at fainter fluxes β2 is not tightly constrained, ranging
between 1.1 and 1.7 (1σ confidence level for two interesting pa-
rameters). In any case, these values of β2 are somewhat lower
than those found by Hasinger et al. (1998) fitting the ROSAT
data. The above authors find also a break at brighter fluxes: the
discrepancy could arise from the fact that we are observing a
fainter and flatter part of the Log(N)-Log(S), which was not ac-
cessible with the ROSAT PSPC data.
In the 2-10 keV energy band, we certainly have the largest hard
X-ray selected sample available to date at these fluxes. Also
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in this case the data are in good agreement with previous de-
terminations, by BeppoSAX (Giommi et al. 2000) and ASCA
(Cagnoni et al. 1998; Ueda et al. 1999), in the brighter part, and
by Chandra (Giacconi et al. 2001) in the fainter part. In this
band, our Log(N)-Log(S) nicely fills in the gap between the
Chandra deep surveys and the shallow BeppoSAX and ASCA
surveys. A slight slope flattening (around 2× 10−14 erg cm−2
s−1) comes out also in the 2-10 keV Log(N)-Log(S). A similar
flattening has already been observed by Hasinger et al. (2001)
in the Lockman Hole XMM-Newton deep observations. A max-
imum likelihood fitting technique has been applied also to the 2-
10 keV Log(N)-Log(S). A single power-law model has its best-
fit value at α= 1.34+0.11
−0.10 and a normalization K = 229.2+29.3−19.6. The
K-S probability (> 10%) do not allow us to reject the model in-
dicating that the flattening is not particularly significant. How-
ever the best-fit value of the slope is significantly sub-euclidean,
in contrast to BeppoSAX and ASCA findings, indicating that
probably the Log(N)-Log(S) flattens at faint fluxes.
The 5-10 keV Log(N)-Log(S) is in agreement, within the er-
rors, with both XMM-Newton Lockman Hole data (Hasinger
et al. 2001), which is a subsample of ours, and BeppoSAX
HELLAS survey (Fiore et al. 2001b). Our Log(N)-Log(S)
connects XMM-Newton deep observations with shallower Bep-
poSAX ones. The sample selected in this band (100 sources) is
currently smaller than the BeppoSAX HELLAS sample (about
150 sources). However, we go deeper by an order of magnitude
than the HELLAS survey and the error circle we can use in the
optical follow up (conservatively we are assuming 3′′) is con-
siderably smaller than BeppoSAX (about 1′), making the optical
identification far easier.
A maximum likelihood fit of the 5-10 keV Log(N)-Log(S) with
a single power-law model gives a value of α = 1.54+0.25
−0.19 and a
normalization K = 175.2+56.3
−36.2. As in the 2-10 keV band, the sin-
gle power-law model is found to give an acceptable description
of the data (the K-S probability is larger than 20%).
In each panel of Figure 2, the cyan dashed line represents the
expected Log(N)-Log(S) from the improved Comastri et al.
(1995) XRB synthesis model (see Comastri et al. 2001, for
details). In the 0.5-2 keV band, the counts overestimates the
model predictions at bright fluxes, because of the contribution
from clusters and stars to the soft Log(N)-Log(S) . At fainter
fluxes, where the AGN are the dominant contributors, the agree-
ment is quite good. In the 2-10 keV band the agreement be-
tween XRB model predictions and our Log(N)-Log(S) is good
at brighter fluxes, becoming marginal towards fainter fluxes.
However, by varying the normalization of the model of ∼ 20%,
the predicted Log(N)-Log(S) agrees well with both our data and
CDFS data. In the 5-10 keV band the model predictions are in
agreement within the errors with our Log(N)-Log(S) and the
Lockman Hole and HELLAS surveys.
It is worth noting that we do not make any correction for confu-
sion or Eddington biases. Nevertheless, the agreement between
our source counts and Chandra and ROSAT data, in the 0.5-2
keV band, indicates that source confusion is still negligible at
these fluxes.
6. SUMMARY
We have carried out a serendipitous XMM-Newton survey.
We cover nearly three square degrees in 15 fields observed
during satellite calibration and performance verification phase.
This is, to date, the XMM-Newton survey with the largest solid
angle.
The present sample is one of the largest available in the 0.5-2
keV band and is surely the largest in the 2-10 keV band at these
fluxes. In the 4.5-10 keV band we currently have a smaller
sample than the BeppoSAX HELLAS survey. However, the flux
limit is a factor about 10 deeper than HELLAS and the optical
follow up of our survey is easier because of XMM-Newton bet-
ter positional accuracy.
We computed the Log(N)-Log(S) curves in the 0.5-2 keV, 2-10
keV and 5-10 keV bands. Our measurements are in agreement
with previous determinations by other satellites and XMM-
Newton itself (Hasinger et al. 1998; Ueda et al. 1999; Cagnoni
et al. 1998; Giommi et al. 2000; Giacconi et al. 2001; Hasinger
et al. 2001) and with the predictions of the improved Comastri
et al. (1995) XRB synthesis model.
In the hard bands, we sample an intermediate flux range: deeper
than ASCA and BeppoSAX and shallower than Chandra and
XMM-Newton deep pencil-beam surveys. It is worth to note
that our approach is complementary to the latters: we probe
large areas, at fluxes bright enough to allow, at least, a coarse
spectral characterization of them. One of our main goals is in
fact to find a good number of those rare objects (like type-2
QSOs) which are supposed to contribute significantly to the ex-
tragalactic hard X-ray background.
In the soft band, the Log(N)-Log(S) distribution shows a flat-
tening around 5× 10−15 erg cm−2 s−1. A similar result was also
found from the ROSAT data (Hasinger et al. 1998). A broken
power-law fit gives a differential slope index β2 for the fainter
part, flatter than Hasinger et al. (1998). The difference prob-
ably results from the fact that we are sampling different parts
of the Log(N)-Log(S). A slight slope flattening of the Log(N)-
Log(S) is also observed in the 2-10 keV band, around fluxes of
2× 10−14 erg cm−2 s−1, although the data are consistent with a
single power-law with a cumulative slope index α = 1.34+0.11
−0.10.
A single power-law fit is tenable also for the 5-10 keV Log(N)-
Log(S) and gives a slope α = 1.54+0.25
−0.19.
An extensive analysis of the X-ray broad-band properties of the
sources and the optical follow-up of a hard X-ray selected sam-
ple will be the subjects of forthcoming papers (Baldi et al. in
prep.).
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algorithm. We are also grateful to G. Zamorani, G. C. Per-
ola and all members of the HELLAS2XMM team for useful
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which improved the presentation of the results. AB and SM
acknowledge partial financial support by ASI I/R/190/00 con-
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FIG. 1.— The total sky coverage of the survey in the 0.5-2 keV (solid line), 2-10 keV (dashed line) and 4.5-10 keV band (dot-dashed line).
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FIG. 2.— The cumulative Log(N)-Log(S) in the 0.5-2 keV (top), 2-10 keV (center) and 5-10 keV band (bottom). In all diagrams the black thick solid lines are
the upper and lower limits of our Log(N)-Log(S), computed taking into account systematic effects, as described in Section 5. The cyan dashed line represents the
predictions of the improved Comastri et al. (1995) XRB synthesis model (see details in text).
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FIG. 3.— Maximum likelihood fit parameters β2 and S∗ (in units of 10−14 erg cm−2 s−1) to the 0.5-2 keV Log(N)-Log(S) for a broken power-law model (see text).
Confidence contours are at 68% (dashed line) and at 90% (solid line) for two interesting parameters. The black contours are computed using a source characterization
radius corresponding to an EEF of α = 0.68 and a source detection probability level of p = 2× 10−4 for the Log(N)-Log(S). The red contours refer to α = 0.80 and
p = 2× 10−4 while the blue contours are computed with α = 0.68 and p = 2× 10−5 .
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TABLE 1
THE XMM-Newton CAL-PV FIELD SAMPLE.
Revsa Target TMOS1(ks)b TMOS2(ks)c Tpn(ks)d NH (cm−2)e bII(o)f
51 PKS0537-286 19.0 37.0 36.6 2.1 ·1020 -27.3
57 PKS0312-770 25.5 25.5 22.1 8.0 ·1020 -37.6
63 MS0737.9+7441 37.3 38.5 31.6 3.5 ·1020 29.6
70-71-73-74-81 Lockman Hole 84.6 86.2 104.9 5.6 ·1019 53.1
75 Mkn 205 29.0 30.6 17.3 3.0 ·1020 41.7
81-88-185 BPM 16274 38.9 39.2 33.0 3.2 ·1020 -65.0
82 MS1229.2+6430 24.6 24.9 2.0 ·1020 52.8
84-153 PKS0558-504 20.2 20.4 8.4 4.5 ·1020 -28.6
84-165-171 Mkn 421 98.4 116.5 7.0 ·1019 65.0
88 Abell 2690 17.5 17.5 16.2 1.9 ·1020 -78.4
90 G158-100 21.3 16.6 2.5 ·1020 -74.5
90 GD153 36.5 21.2 26.2 2.4 ·1020 84.7
97 IRAS13349+2438 41.4 1.2 ·1020 79.3
101 Abell 1835 27.7 27.7 22.9 2.3 ·1020 60.6
161 Mkn 509 16.8 16.4 4.1 ·1020 -29.9
aXMM-Newton revolution numbers
bMOS1 good integration time
cMOS2 good integration time
dpn good integration time
eGalactic Hydrogen column density (Stark et al. 1992)
fGalactic latitude
